Introduction
The study of the low wave number behavior of solutions to exterior boundary value problems for the Helmholtz equation in two dimensions via integral equation methods has a long history. This is due to difficulties arising from the following two facts. Firstly, in two dimensions the fundamental solution of the Helmholtz equation does not converge to the fundamental solution of the Laplace equation if the wave number k tends to zero. Secondly, the fundamental solution of the Laplace equation is not bounded at infinity. For the Dirichlet problem in the exterior of a finite number of disjoint closed contours the limiting behavior was investigated by MacCamy [13] , Werner [151 and the present author [10] . Here, the analysis can be based on reducing the boundary value problem to an integral equation of the second kind via a double-layer or a combined double-and single-layer approach.
In the present paper we want to examine the low wave number limit for the corresponding Dirichlet problem in the exterior of an open arc. In this case, as opposed to the case of closed contours, we need to work with an integral equation of the first kind via a single-layer approach. The existence and uniqueness of solutions to the Dirichiet problem in the exterior of an open arc is well established (c.f. [5] Kress on the cosine transformation which has been introduced by Multhopp [14] and by Yan and Sloan [16] for the corresponding integral equation in the potential theoretic case of the Laplace equation. Here, we will adopt this approach to investigate the low wave number limit. Our analysis will be in a Sobolev space setting instead of a Holder space setting as in [12) . Clearly, the results can be extended to the Dirichiet problem in the exterior of a finite number of disjoint open arcs.
For corresponding investigations in two-dimensional elasticity we refer to Hsiao and Wendland [7, 81. 
Scattering from an open arc
Assume that r C R 2 is an arc of class with wave number k > 0 satisfying the Dirichlet boundary condition
and the Sommerfeld radiation condition
uniformly in all directions j. Note that we do not explicitly assume any edge condition for the behavior of the solution at the two end points of r. The limiting case k = 0 corresponds to the following static boundary value problem: Given a function fo E C'(F), find a solution u 0 E C 2 (R 2 \ r) fl C(R2 ) to the Laplace equation
satisfying the Dirichiet boundary condition uo = fo on F (2.5) and the boundedness condition 6) uniformly in all directions j. Again, no edge conditions are explicitly assumed. Then, for < k < 1, we seek the solution of problem (2.1) -(2.3) in the form of a modified acoustic single-layer potential
with a density Vk E LP () and the fundamental solution to the Helmholtz equation in two dimensions given by
,%(x, y) = -H'(kIx -y ) (x 5 4 y) 4
in terms of the Hankel function H' of order zero and of the first kind. Since the Hankel function has the asymptotic behavior
where C = 0.5772... denotes Euler's constant, the acoustic single-layer potential (2.7) has a limit as k -* 0 given by
with the fundamental solution The potentials (2.7) and (2.9) satisfy the Helmholtz and Laplace equations in R2\r, respectively. Furthermore, (2.7) fulfills the radiation condition and (2.9) is bounded at infinity because of fr Mçao ds = 0. For densities in LP () the single-layer potentials R. Kress (2.7) and (2.9) are continuous throughout R 2 (see [6: p. 276] 
Hk( t , r) = k(z(cos t), z(cos r)) (t 5k r).
Analogously, the parametrized version of (2.11) is given by Jr 'E(-I,IJ 1 z
2.14)
Lo where the first integral on the right-hand side is finite provided 1 < p < , that is, E LP (F) for 1 <p < 1 which ensures continuity of the single-layer potentials.
Low wave number limit
For the further discussion we rewrite equations (2.12) and (2.13) in operator notation as
Kklb=fk

with (Kk)(t) = J Hk(t,r){(N)(r) -(T)}dr
(t E [0,]) for 0 < k < 1 and (Ko)(t) = / {H0 (t, r)(N)(r) ± (r)} dr (t e [0, 7r]).
In addition we introduce the integral operator IT z(a) = (s -a) / z'(a + A(s -a) is bounded and has finite-dimensional range and therefore also is compact. for t -+ 0 it can be deduced that Proof. This follows from Theorems 2.1 and 3.2 by using the single-layer approach (2.7)1
1! ( L i b ) ( t ) = --/ In (
Lemma 3.1. The operator L L'(0, 7r] -4 H[0,ir] is bounded and has a bounded inverse L' : H,[0, 7r] -L 2 [0,ir]. The operator K0 -L L2 [0,ir] -' H,'(0, 7r) is compact.
Proof. From the identity
Now we are in a position to state the main and final result of this paper. Proof. We represent Uk and uo in the form of the potentials (2.7) and (2.9) with densities Wk and coo, respectively. For the corresponding solutionsO k = Aço k of the integral equations (2.12) and (2.13), that is, for ,b,. = Kg,., using Theorem 3.2 and the triangle inequality, we can conclude that kb,. -00II0J0,,rJ
Here, we have used that
R. Kress for some positive constant c 1 . In view of (2.14), the convergence (3. for lxi = R and some constant c4 > 0 depending on R. Now, by the maximumminimum principle for harmonic functions from the two preceding estimates we derive that vk -0 (k -* 0) uniformly on the disk {x e R2 : Ix R}.
Finally, for the function wk, using (2.8) and the Holder inequality, we can estimate for lxi R and some constant c5 > 0 depending on R. This completes the proof U
In the case where 10 = 1 we have that u 0 = 1 in all of JR2 . On the other hand, the radiation condition implies that uk(x) -* 0 as lxi -* oo for all k > 0. Therefore, in Theorem 3.4, we cannot have uniform convergence in JR2.
From the proof of Theorem 3.4 it is obvious that we also have uniform convergence of the derivatives of arbitraty order on compact subsets of R \ F.
